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(54) Process for producing multilevel metallization in an integrated circuit 



(57) A method tor fabricating a multi-level integrated 
circuit is disclosed which utilizes a grid pattern from 
which portions corresponding to the metal layer are se- 
lectively removed to form a mask which is subsequently 



used to deposit dummy features in the open areas be- 
tween metal lines, thereby to allow the deposition of a 
substantially planar dielectric surface over the metal lay- 
ers and dummy features. 



04 
< 



CM 

N 

O 

Q. 
LU 



Printed by Jouve. 75001 PARIS (FR) 



1 



EP 0 712 156 A2 



2 



Description 

Technical Field of The Invention 

The present invention relates generally to the fab- s 
ricatton of integrated circuits, and, more particularly, to 
a process for fabricating multi-level metallization in an 
integrated circuit. 

Background of The Invention w 

As integrated circuits have continued to increase in 
complexity and integration density, it has become a 
common practice to arrange the conducting, metalliza- 
tion layers in multiple, vertically spaced layers insulated 15 
from one another by a dielectric layer. However, when 
multiple layers of dielectric and conductive material are 
formed, difficulties may arise, particularly in the forma- 
tion of the upper metallization levels, as a result of the 
uneven topography of the underlying dielectric layers. 20 
When a dielectric layer is deposited over a metal con- 
ducting layer, for example, the surface of the dielectric 
layer exhibits peaks at the locations of the metal layers, 
and valleys or depressions at the open areas at which 
no metal layers are formed. This unevenness in the lev- 25 
els of the dielectric layer becomes more pronounced as 
the number of metallization layers increases. To mini- 
mize the effects of these irregularities in the levels of the 
dielectric layers and to improve lithography and metal 
step coverage, it is necessary to improve the planariza- 30 
tion of the dielectric layers. 

One technique that has been used to achieve great- 
er planarization of the intervening dielectric layers is 
chemical mechanical polishing (CMP), which technique 
is often used in high-volume manufacturing in place of 
conventional planarization techniques, such as resist 
etchback. Planarization is achieved in a CMP process 
by polishing the dielectric surface on a rotating abrasive 
pad, while a slurry is applied to help lubricate and break 
down the bonds of the underlying surface. As the sur- 
face is polished, the peaks on the dielectric layer are 
polished before the valleys, resulting in a more even di- 
electric layer. After planarization of the dielectric layer 
is completed, a conductive layer is applied over the 
planarized dielectric layer, which is then photolitho- 
graphically patterned and etched to define signal lines 
and conductive layer interconnects. Whereas CMP has 
been found to be an effective way to achieve improved 
planarization in a multi-level metallization integrated cir- 
cuit, it is a relatively expensive process. 

Another approach that has been used to achieve 
improved planarization in a multi-level metallization 
process is to deposit otherwise unused dummy lines or 
dummy features in the open areas between the loca- 
tions ol the metal lines so that subsequent dielectric 
deposition will not exhibit the valleys at the open areas. 
This has been achieved in the past by searching the en- 
tire chip layout to locate the open areas for each metal- 



lization layer, and then preparing a mask that is specific 
to the open area locations for that particular layer. That 
mask is thereafter employed along with conventional 
photolithographic steps to selectively form dummy lines 
in the open areas between metallization lines for each 
metallization layer. However, since each chip has a dif- 
ferent pattern of metal lines and open areas, a unique 
mask must be fabricated to produce the dummy lines 
for each different layout based on a search of the chip 
for open areas. This process is relatively time consum- 
ing and costly. 

It is thus an object of the present invention to pro- 
vide a method for fabricating a multilevel integrated cir- 
cuit that adds minimal complexity to the fabrication proc- 
ess and which is independent of the particular metalli- 
zation line and open area patterns of the chip. 

It is a further object of the invention to provide a 
method for fabricating metallization layers in a multi-lev- 
el integrated circuit which can be implemented at the 
computer-aided-design (CAD) stage rather than during 
the processing level. 

It is an additional object of the present invention to 
provide a method of the type described in which dummy 
features are implemented in open areas without the 
need to search the entire chip layout for open areas. 

Summary of The Invention 

The method of the present invention provides an im- 
proved technique for forming dummy lines in the open 
areas between the metallization lines or patterns. The 
method includes the modification of a structure that in- 
cludes an opaque grid pattern formed on an underlying 
transparent base layer. The line width and spacing be- 
tween the lines of the grid pattern may be set to meet 
the process requirements and design rules for the par- 
ticular chip and process used for its fabrication. At the 
CAD stage of the layout design of each metallization lay- 
er, the pattern of the metal lines and interconnects of 
that layer is used to modify the grid pattern to remove 
selectively portions of the grid pattern that correspond 
to the pattern of the conducting lines and interconnects, 
leaving a transparent pattern corresponding to the con- 
ductive line pattern surrounded by the remaining por- 
tions of the opaque grid pattern. In one embodiment of 
the invention, the conductive pattern may be superim- 
posed in the portion of the grid pattern that has been 
previously removed. 

The resultant mask is then used to form the dummy 
features in the open areas at which the conductive lines 
are not present and, in one embodiment, also to form 
the metal lines, in each case by otherwise conventional 
deposition, lithography and etching steps. The resulting 
conductive layer and intermediate dummy features, 
which are at substantially the same level, are then cov- 
ered by a dielectric layer, which exhibits a relatively 
smooth upper surface as a result of the relatively even 
levels of the underlying conductive metal and dummy 
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layers. 

To the accomplishment of the above and to such 
further objects as may hereafter appear the present in- 
vention provides an improved method for fabricating a 
multilevel metallization layer in an integrated circuit sub- 
stantially as claimed and described in the following 
specification considered with the accompanying draw- 
ings in which: 

Brief Description of The Drawings 

Fig. 1 is a cross-sectional view of an integrated cir- 
cuit illustrating two metallization line patterns 
formed on a dielectric surface spaced by an open 
area; 

Fig. 2 is a cross-sectional view similar to Fig. 1 fol- 
lowing the deposition of a dielectric layer over the 
metallization layer and open area; 
Fig. 3 illustrates the formation of dummy features in 
the open area to produce an increased penaliza- 
tion of the overlying dielectric layer; 
Fig. 4 is a plan view of a grid pattern structure that 
may be employed to form a mask that is used in the 
method of the present invention; 
. Fig. 5 is a plan view of the grid pattern structure of 
Fig. 4 in which the pattern of the metal lines is super- 
imposed on the grid pattern and in which the grid 
lines surrounding the metal lines have been 
removed; 

Fig. 6 is a cross-section as viewed along the direc- 
tion of line 6-6 of Fig. 5; 

Fig. 7 is a cross-section of an integrated circuit in 
which metal lines and dummy features are formed 
by the use of the mask of Figs. 5 and 6 in accord- 
ance with an embodiment of the present invention; 
Fig. 8 is a plan view of a mask similar to Fig. 5, 
except that the pattern of the master metal lines has 
been removed from the grid pattern; 
Fig. 9 is a cross section viewed along the line 9-9 
of Fig. 8; 

Fig. 10 is a cross section of a dielectric layer over- 
lying a metal layer and intermediate dummy fea- 
tures as formed by the use of the mask of Fig. 8; and 
Fig. 1 1 is a plan view of a typical pattern of metal 
lines that can be used in the formation of the mask 
in Figs. 5 and 8. 

Detailed Description of The Invention 

The problem solved by the method of this invention 
is illustrated in Figs. 1 and 2, Fig. 1 shows a portion of 
an integrated circuit including a substrate 10, which typ- 
ically contains MOS transistors (not shown). An insulat- 
ing dielectric layer 12, which typically consists of silicon 
dioxide or silicon nitride, is deposited on the upper sur- 
face of the substrate 1 0 and spaced metal lines, 1 4, 16, 
typically made of aluminum, are selectively deposited 
on the surface of dielectric layer 12 by known masking 



and deposition techniques. The region between the 
metal lines 14, 16, is designated as an open area 18. 
The distance between metal lines 14, 16, i.e. the open 
area 1 8, is typically far greater than the spacing between 

5 adjacent metal lines, which is typically 0.5 micron. 

As shown in Fig. 2, a second dielectric layer 20 is 
deposited over the underlying metal lines 14, 16 and 
open area 1 8, typically by the use a chemical vapor dep- 
osition (CVD) process. As shown in Fig. 2, the surface 

io of dielectric layer 20 is characterized by a rippled sur- 
face having peaks where it overlies metal layers 14, 16 
and a reduced height or yalley in the open area 18. 
These irregularities or unevenness in the level of dielec- 
tric layer 20 may produce breaks in an overlying metaj- 
lization layer, especially when signal lines traverse a 
step in the underlying surface. 

As shown in Fig. 3, one approach to prevent the for- 
mation of .the unevenness in the dielectric layer 20, i.e., 
to achieve improved planarization of the dielectric layer, 

20 is to form dummy lines or features, that is, otherwise un- 
used features 22 in the open area 18 of substantially the 
same height and spacing as the metal lines 14, 16, so 
that the overlying dielectric layer 20 is essentially planar 
or even and free of the peaks and valleys as in Fig. 2. 

25 The dummy features 22 may either be made of a suita- 
ble metal or polysilicon or a dielectric material. In the 
past, these dummy features were formed by performing 
a search of each metallization layer to locate the open 
areas at which it was desired to form the dummy fea- 

30 tures. A mask then had to be specifically fabricated in 
accordance with each of the particular metallization pat- 
tern used in the chip. These masks were used to form 
dummy lines in each metallization layer and were thus 
chip-specific and could not be used with integrated cir- 

35 curts that had different metallization patterns. 

The method of the present invention provides an im- 
proved way to form the dummy features for multi-level 
integrated circuit. As illustrated in Fig. 4, a mask struc- 
ture generally designated 24 that will be subsequently 

40 used in the deposition and fabrication of the dummy fea- 
tures initially comprises an opaque grid pattern 26 over- 
lying a transparent base 28. The opaque grid pattern 26 
may be made of a metal such as chromium and the base 
28 may be made of any suitable rigid, transparent ma- 

45 terial such as glass. The line spacing and line widths of 
the grid pattern 26 are dependent on the type of process 
and design rules used in the fabrication of the integrated 
circuit. 

As in the embodiment of the mask illustrated in Fig. 

so 5, the CAD data of the pattern of each metallization lay- 
er, such as the one shown in Fig. 11, is employed to 
superimpose the pattern of the metal lines 30 along with 
a suitable spacing over the grid pattern 26, and remov- 
ing portions of the grid pattern 26 at the locations of the 

ss superimposed master metal lines, thereby to produce 
the mask shown in Figs. 5 and 6, which consists of the 
opaque metallization line pattern 30 and remaining 
opaque grid pattern 26. 
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More specifically, during the layout design of the 
conductive metallization layer, an area surrounding the 
metal lines 30 is marked by the CAD system as an area 
which is not to contain the grid pattern 26. Typically, the 
CAD system locates this grid-free area by extending the 
x-y coordinates of the signal lines in both the positive 
and negative directions in order to create an area similar 
in form to the metal lines in the grid pattern 26, shown 
in Fig. 5. 

The thus-formed structure of Fig. 5 is used as a 
mask to transfer the modified grid pattern to form the 
metallization layers 34 and 36 and intermediate dummy 
features 32 shown in Fig. 7, by various techniques 
known to those skilled in the art, such as selective dep- 
osition and resist etchback. The mask layout is prefer- 
ably transferred by photolithographically patterning the 
photoresist and by etching away the exposed metal lay- 
er except at the opaque portions of the grid pattern to 
define the metal tine pattern and dummy features at the 
locations of the remaining opaque grid pattern in a single 
lithography operation. 

As shown in. Fig. 7, the metal lines 34, 36 and dum- 
my lines 32 are formed of the same metal (e.g., alumi- 
num) of substantially the same height. A dielectric layer 
36 is then deposited over the metat lines 34, 36 and 
dummy lines 32. As also shown in Fig. 7, the formation 
of the dummy features 32 in the open areas between 
the metal lines 34, 36 by the use of the mask of Figs. 5 
and 6 creates a relatively smooth or planar upper sur- 
face of the overlying dielectric layer 38 by filling in the 
open areas between the master metal lines. 

In a second embodiment of the present invention, 
the dummy features in the open areas are formed in a 
separate step from the formation of the metal lines. The 
separate step uses the mask with a pattern, as shown 
in Figs. 8 and 9, and creates the dummy features 42, 44 
on the dielectric layer in the integrated circuit of Fig. 10 
through conventional deposition, lithography and etch- 
ing. In this embodiment, the dummy feature may be 
made by either the deposition of a dielectric material or 
metal. Thereafter, the mask of Fig. 11 is used to form 
the metal lines 46 of the same height as the dummy fea- 
tures 42, 44 so that, as before, a smooth planar dielectric 
layer 30 can be deposited over the thus-formed metal- 
lization layer and dummy features. 

It will be apparent to those skilled in the art that the 
process of the present invention process described 
above can be used with any layout or design without the 
need for a search of the layout to locate the open areas 
at which the spacing between master metal lines is rel- 
atively targe. The global application of a grid pattern 
modified in the CAD stage to all open areas, has the 
advantage of eliminating the need for a costly and time- 
consuming search for specific open areas in the chip 
layout. 

It will also be apparent that whereas the invention 
has been particularly described with reference to pre- 
senting preferred embodiments, various changes in 



form and detail maybe made therein without necessarily 
departing from the spirit and scope of the invention. 



s Claims 

1. In a method of fabricating an integrated circuit in 
which a plurality of patterns of conducting material 
are selectively formed on vertically spaced dielec- 

io • trie layers, said method comprising the steps of 
forming an opaque pattern over a transparent base, 
selectively removing portions of said opaque pat- 
tern to form a transparent region corresponding to 
a pattern of conducting material that is to be formed, 

15 and thereafter employing said thus modified 
opaque and transparent patterns as a mask to 
deposit dummy features corresponding to the loca- 
tions of the remaining opaque pattern of said mask 
in the open areas of said dielectric layer intermedin 

20 ate the locations at which said conducting material 

is to be deposited. 

t 

2. The method of claim 1 , in which said opaque pattern 
is in the form of a grid. 

25 

3. The method of claim. 2, further comprising the step 
of forming a second opaque pattern corresponding 
to the pattern of the conducting material in the 
region from which said first opaque pattern material 

30 is removed, whereby the conducting material and 
dummy features can be deposited on the dielectric 
layer in a single deposition. 

t 

4. The method of claim 3, further comprising the step 
3$ of depositing a second dielectric layer of substan- 
tially uniform height over said previously deposited 
conducting material and dummy features. 

5. The method of claim 4, in which said dummy fea- 
<o tures are of substantially the same height and spac- 
ing as the conducting material. 

6. The method of claim 1 , further comprising the step 
of forming a second opaque pattern corresponding 

45 to the pattern of the conducting material in the 
region from which said first opaque pattern material 
is removed, whereby the conducting material and 
dummy features can be deposited on the dielectric 
layer in a single deposition. 

so 

7. The method of claim 6, further comprising the step 
of depositing a second dielectric layer of substan- 
tially uniform height over the metal line and dummy 
features. 

55 

8. The method of claim 7, in which said dummy fea- 
tures are of substantially the same height and spac- 
ing as the conducting material. 
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9. The method of claim 1 , further comprising the step 
of depositing a second dielectric layer of substan- 
tially uniform height over said previously deposited 
conducting material and dummy features. 

■10. The method of claim 9, in which said dummy fea- 
tures are of substantially the same height and spac- 
ing as the conducting material. 
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FIG. 4 




7 



EP 0 712 156 A2 



FIG. 5 




FIG. 6 



3-^ 



8 



EP0 712 156 A2 



FIG. 7 

32 




^ 32 36 

v\ mfv\ ml / 



FIG. 8 




FI6. 9 



26 



26 



•28 
3-/ 



9 



EP 0 712 156 A2 



FIG. 10 




10 



